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RESULTSOF A PRESSURELOADS INVESTIGATIONON

A O.03O-SCALEMODEL (_7-OTS)OF THE

INTEGRATEDSPACESHUTTLEVEHICLECONFIGURATION
3 IN THE NASAAMES RESEARCHCENTER

9 x 7 FOOTLEG OF THE UNITARYPLAN WINDTUNNEL (IA81B) i

iby

E. Chee, RockwellInternationalSpace Division i

ABSTRACT ii

Presentedin this reportare resultsof wind tunneltest IA81B. The

model testedwas a O.030-scalemodel of the IntegratedSpace Shuttle

VehicleConfiguration5. Testingwas conductedin the NASA Ames Research

Centerg x 7-footUnitaryPlanWindTunnelto investigatepressuredis-

tributionsfor aeroloadsanalysisat Mach numbersfrom 1.55through2.5.

Anglesof attackand sideslipwere variedfrom -6 to +6 degrees.

This reportconsistsof l volumeof force dataand 4 volumesof

pressuredata for a totalof 5 volumes. They are arrangedin the follow-

ing manner:

VolumeNo. Contents

l IA81Bforcedata
!

2 IA81Bplottedpressuredata

3 IA81Btabulatedp'-essuredata

I_Iorbiterfuselage pages 1-299leftlowerwing surface pages 300-728
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ABSTRACT(Concluded) _,..)

)
T
I
I
j VolumeNo. Contents

I 4 IA81Btabulatedpressuredata

I (a) leftupperwing surface pages 729-I187
(b) rightlowerwing surface pages 1188-1299
(c) rightupperwing surface pages 1300-1459

5 IA81Btabulatedpressuredata

(a) leftverticaltailsurface pages 1460-1571

I_I SRM booster pages 1572-1759externaltank pages 1760-2058
(d) miscellaneousorifices pages 2059-2163

I

,i__'I̧ {iv L, _

| , '!i

1
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• "- INDEXOF DATA FIGURES(Concluded)

PLOTTEDCOEFFICIENTSSCHEDULE:

A) CAF,CNF, CLMFversusALPHAI
CNF versusCLMF

B) CY, CYNF,CBL versusBETAI
t CY versus CYNF

! CY versus CBL

C) CHEO,CHEI versus ALPHAO

D) CABO versusALPHAO

E) CABETversusALPHAT

F) CABSRBve,'susALPHAL

G) CABSRBversusALPHAR

H) CAFAFOversusMACH i
I

I) XAC/LVversusMACH

J) CNALFAversusMACH

K) YAC/LVversusMACH

L) CYBETAversusMACH

M) CHEO,CHEIversusMACH

N) DCAF,DCNF,DCLMFversusMACH

O) CPversusX/LB

P) CP versusX/LT

Q) CP versusX/LS

I R) CP versusX/CVS) CP versusX/CW

-7 '_

I::::::::i I 1 F
,, _ _ .... _ _ ,_:_
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ORIGINAL PAGE IS i
OF POOR QUALITY _ !

General -.J
i

i

PLOT

S_IBO______L SYMBOL DEFINITION i

,q speed of sound; m/see, iT/see ;

Cp CP pre:'sure coefficient; (Pl - P_)/q

lq MACH Maeh number; V/a

p pressure; N/m 2, psi

q Q(_) d_,,=ic pressure;l/2pv_, Nlm2,psi
Q(_F )

RN/L RN/L unit Reynolds-number; per m, per ft

V velocity; m/see, it/see

a ALPHA _,nglf'of attack, degrees -:.

B_A 8ngle of sideslip, degrees

PSI nn_.l,,of yaw, degrees

PHI ongl(' of roll, degrees

# mass density; kg/m 3, slugs/it 3

Reference & C.G. Definitions

i Ab b_se are_.;m2, ft2
i

i b HREF wing sp_n or reference span; m, ft

e.g. center of gravity

_REF LREF reference length or wing me.n

_erodynnmic chord; m, ft

S SREF wing areo or reference are_; m2, ft2
J

MRP moment reference point

XMRP moment reference point on X axis

_4RP moment reference point on Y axis

_4RF moment reference point on Z axis

SUBSC_II_S
b base

i local
static conditions

t total conditions

free stream t

io
i
I

I
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NOM_CLATURE (Continued)

Bod_-Axls_

PLOT

SYMBOL SYMBOL DEFINITION

ON CN normal-force coefficient; normal forceqS

CA CA _xi_l-force coefficient; axial force
qS

Cy CY side-!orce coefficient; side forceqS

CAb CAB base-force coefficient; base force
qS

-Ab(Pb - p_)/qS

CAf CAF forebody axial force coefficient, CA - CAb

Cm CLM pitching-moment coefficient; _itchin_ moment- qslm_,

Cn CYN yawing-moment coefficient; vswin$ momentqSb

C_ CBL rolling-moment coefficient; rollln_ momentqSb

Stability-Axis System

CL CL llft coefficient; liftqS

CD CD drag cocfficient; drag
qS

CDb CDB base-drag coefficient; baSeqsdrS_

CDf CDF forebody drag coefficient; CD - CDb

Cy CY side-force coefficient; side forceqS

Cm CIM pitching-moment coefficient; _itchln_ momentqsj_=
Cn CLN ya_i_-moment coefficient; yswin_ momentqSb

C_ CSL rolling-moment coefficient; rfllin_ momentqSb

(il L/D L/D ill t-to-drag ratio; CL/CD

11

_ -- _ ,_ • I I | t I
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NOMENCLATURE(Continued)
Additionsto StandardNomenclature "

Plot
Symbol _ Defintion

AbET externaltankbase area,ft2

Abf bodyflapupper surfacearea, ft2

Abo Orbiterbasearea,ft2

OMS pod basearea,ft2
AboMs

SRB basearea, ft2
AbsRB

CA CABET externaltank baseaxial forcecoefficient
bET

CA CABO Orbiterbaseaxial f3rcecoefficient
bo

CA CABSRB SRB baseaxial forcecoefficient
bSRB

externaltanktotalaxial forcecoefficient
CAET

CA externaltank forebodyaxial forcecoefficient
fET

CA Orbiterforebodyaxial forcecoefficient
fo

CA SRB forebodyaxialforcecoefficient
fSRB

Orbitertotalaxialforcecoefficient
CAo



........i......................i.... I I I I .....I...................I...............

/

'...J NOMENCLATURE(Continued)

Plot
S_bol S_bol Definition

I Cp OMS pod averagebasepressurecoefficient

i bOMS

i Cp SRB averagebasepressurecoefficient
bSRB

}

: Cp. pressurecoefficientassociatedwith ith tap
1

ET externaltank

Oribter base incidence angle tO a line of constant

;, ibo Xo, deg.

gb Orbiter fuselage length, in.

MRP momentreferencepoint

OMS orbital manuvering system

RN/FT RN/L unitReynoldsnumber,millionper foot i
!

Se elevonsurfacearea, ft2 ii

SRB solidrocketbooster

Xbf longitudinaldistancefromMRP to bodyflaparea _'
centroid, in.

Xbo longitudinal distance from MRPto Orbiter base area ._centroid,in. _-

X/C X/CW chordwiselocationon wing i

X/Cv X/CV chordwlselocationon verticaltail i_

Xo Orbiter longitudinal station, in.

Xo/Lo X/LT locationon OrbiteP,fractionof Orbiterbody lengthaft of Orbiter nose

(L. 13
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• |

NOMENCLATURE(Continued) 1

Plot

_ Definition

SRB totalaxialforcecoefficient
CAsRB

Ce elevonmean aerodynamicchord,in

Ch CHEI inboardelevonhingemomentcoefficient
eI

Ch CHEO outboardelevonhingemomentcoefficient
e o

Cmbf CMBF bodyflapupper surfacepitchingmomentcoefficient

Cm CMBO Orbiterbasepitchingmomentcoefficient
bo

Cm Orbiterforebodypitchingmomentcoefficient
fo

Cm Orbitertotalpitchingmomentcoefficient
o

bodyflapupper surfacenormalforcecoefficient
Cnbf

i CNb° Orbiterbasenormal forcecoefficient

CN Orbiterforebodynormalforcecoefficient
fo

Orbitertotal normalforcecoefficient
CNo

Cp externaltank averagebase pressurecoefficient
bET

bodyflapaverageuppersurfacepressurecoefficient
CPbf

1976006098-019



(]/ NOMENCLATURE(Continued)

Plot
Lr

Symbol _ Definition

Cp Orbiteraveragebase pressurecoefficient
bo

Xs XS SRB longitudinalstation,in.

XS/_S X/LS locationon SRB,fractionof SRB bodylengthaftof SRB nose

XT XT externaltank longitudinalstation,in.

XT/_T X/LT locationon ET, fractionof ET body lengthaft ofET nose

Yo YO Orbiterlateralstation,in.

YS YS SRB lateralstation,in.

YT YT externaltank lateralstation,in.

Zbo verticaldistancefromMRP to Orbiterbaseareacentroid,in.

Zo ZO Orbiterverticalstation,in.

Zs ZS SRB verticalstation,in

ZT ZT externaltank verticalstation,in.

_o ALPHAO Orbiterangle of attack,degrees

ALPHAL leftSRB angle of attack,degrees
_SL ...

ALPHAR rightSRB angle of attack,degrees
_SR

eT ALPHAT externaltank angleof attack,degrees

Bo BETAO Orbiterangleof sideslip,degrees

Q/> 15



NOMENCLATURE (Continued) _ i

_, Plot

S__mbol S_xmboI Definition

BBL BETAL left SRB angle of sideslip, degrees

BSR BETAR right SRB angle of sideslip, degrees

BT BETAT external tank angle of sideslip, degrees

ELV-IB inboard elevon deflection angle, degrees
ei

ELV-OB outboard elevon deflection angle, degrees
eo

aR RUDDER rudder deflection angle, degrees

aSB SPDBRK speedbrake deflection angle, degrees

n 2Y/b spanwise station, 2Y/b

¢ PHI radial location, degrees

CAc orbiter sting cavity axial force coefficient

BI BETAI integrated vehicle angle of sideslip, degrees

ml ALPHAI integrated vehicle angle of attack, degrees

X/LB X/LB longitudinal position/body length (fuselage)

Y/BW Y/BW local spanwise position/wing span

Z/BV Z/BV local spanwise position/verticaltail span

L
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.... NOMENCLATURE(Continued)

Plot

I _ Symbol Definition

Cnf CYNF forebodyyawingmomentcoefficient,body
axissystem

Cmf CLMF forebodypitchingmomentcoefficient

CNf CNF forebodynormalforcecoefficient

CAf° CAFAFO forebodyaxial forcecoefficientat zero alpha

CN_ CNALFA derivativeof normal-forcecoefficientwith
respectto alpha,per degree

Xcp/_v XAC/LV verticaltailchordwisecenterof pressurelocation

Ycp/_v YAC/LV verticaltailspanwisecenterof pressurelocation

i
CyB CYBETA derivativeof side-forcecoefficientwith!.

respectto beta,per degree

_ _. ACAf DCAF incrementalforebodyaxial forcecoefficient
! !
!

! ACNf DCNF incrementalforebodynormalforcecoefficient

ACmf. DCLMF incrementalforebodypitchingmomentcoefficientC
f,i

CHMI CHMI contributionsof the forwardbridgeto the
inboardelevonhingemomentcoefficient

) CHM2 CHM2 contributionsof the aft bridgeto the
inboardelevonhingemomentcoefficient

_ CHM3 CHM3 contributionsof the forwardbridgeto the

_ outboardelevonhingemomentcoefficient

CHM4 CHM4 contributionsof the aft bridgeto the
outboardelevonhingemomentcoefficient

). 17
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NOMENCLATURE(Concluded) I _)

i DataSet Identifiers
The fourthletterof the data set identifierindicatesthe component,

I e.g., RETT_04.
Force

0 Orbiter

T ExternalTank

L LeftSRB

R RightSRB

H Orbiter- Hingemoment

I IntegratedVehicle

Pressure

B Orbiter Fuselage

L Left Wing lowersurface

U LeftWing uppersurface

W RightWing lowersurface

R RightWinguppersurface

V Left VerticalTail

S SRM Booster

T ExternalTank

C MiscellaneousOrifices

18 { j:,

t
l
f

] 976006098-023



( CONFIGURATIONSINVESTIGATED

The modelwas a O.030-scalerepresentationof the RockwellInter-

nationalSpace ShuttleIntegratedVehicle. The Orbiterwas per VL70-

O00140A/Blines. The externaltankrepresentedVL78-000063lines. The

solid rocketmotorswere per VL72-000066lines. Figures2a, b, and c

presentsketchesof the model configuration.Model simulationincluded

attachstructureprotuberances,fairings,fuelfeed lines,vent lines,

etc. (basicmodel constructionwas of ARMCO 17-4steel).

Modelforcesand momentsweremeasuredby 3 Task Corporationsix

componentbalances. A 2.5 in. MK XXA was mountedin the Orbiter. A 2.0

in. MK IIICwas mountedin the externaltank. A 1.5 in. MK IIC was

mountedin the LH SRB. The balancesare attachedto stingsenteringeach

componentthroughthe baseareas. Figures2m and 2n showthe balance

locationsin the model. The RH wing inboardand outboardelevonpanels

are instruPentedwith hingemomentgagesas shown in figureIc.

Surfaceand basepressureswere measuredon the Orbiter,external

tankand solid rocketmotors. The Orbiterwas instrumentedwith a total

of 480 pressure-orifices,of which 6 were baseand cavitypressures. The

externaltankwas instrumentedwith a totalof 314 pressureorifices. The

LH SRM was instrumentedwith a totalof 149 pressureorifices. Orifice
(

locationsare presentedin tablesIV throughVIIIand figures2d through

21.

The followingmodel shorthandconfigurationnotationwas used:

LVA' ffiAT28 thru32 FLIo FLllFRIo N86 O! PTI2 PT22-27S21 T28

i Yg

i T

T

[

!
£
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CONFIGURATIONS_NVESTIGATED(Concluded) "_

AT28 thru 32 = Attachhardwarestructure

FLIo = LH2 feedline

FLll = LO2 feedline

FRIo = Umbilicaldoor fairing

N86 = Nozzlesfor solidrocketboosters

01 = B26 C9 E44 F9 MI6 N28 R5 V8 Wll6

PTI2 = Lightningrod on nose of T28

PT22thru 27 = Externalprotuberance

S21 = Solidrocketboosters

T28 = Externaltank

Wheremodel dimensionsare as describedin tableIll. The LVA'con-

figurationwas testedwith speedbrakegap bothsealedand open and with

elevongap bothsealedand open. The (instrumented)rightelevongap

was sealedby a perman,_ntspongerubberseal. The leftelevongap was

sealedwith plaster. Speedbrake gapswere sealedby red wax.

20 _ I
iI

LL_

/
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The AmesResearch Center 9 by 7 foot Supersonic Wind Tunnel is a

closed-circuit, air-medium, variable-density facility capable of attain-

ing Mach numbersfrom 1.55to 2.50at Reynoldsnumbersfrom 1.5 x 106/ft

to 6.5 x 106/ft. The 18 foot long testsectionis partof a dual system

of supersoniccircuitsand uses the samemotorsand compressoras the

8 by 7 foottunnel. A sliding-blockthroa_arrangementis used to con-

troltunnelMach number.

Modelsare supportedby meansof stingsattachedto the wall-to-wal!

strut/BORsystemof the 9 by 7 foot tunnel.

Schlierenphotograph,shadowgraphs,and pressuremonitoringinstru-
J

mentationare available.
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DATAREDUCTION I_

All balancesdata were reducedto coefficientsabouta momentre-

ferencepoiptlocatedat:

XT = 976.0 in.

YT = 0.0 in.

ZT = 400.0 in.

The followingreferencedimensionswere used:

S = 2690.0ft2

Lb = 1297.0in. i
Hingemomentdata were reducedabouttheirrespectivehinge lines I

using the followingreferencevalues:

S_: 210.0ft2

Ce = 90.7 in.

Baseand forebodycoefficientswere calculdtedas follows:

AboMs
CN = -Cp Ab° tan - CpbOMs S

bo bo S tbo
Abf

CNbf = "CPbf S

Abo AboMs
CA = -Cp _ " S
bo bo CPboMS

! AbET

i CAbET"-Cp $i bET
i

22
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!
i

I ,
) DATAREDUCTION(Continued))
i

AbsRB
CA = -Cp S

bSRB bSRB

i Cm _ Xbo Zbo
bo _b CN +'-"----"bo £b CAbo

Xbf
i Cmbf _b! = . CNbf
I

CN -
CNf° = CNo- bo CNbf

Cmfo _o- boCmbf

CAfo = CA°" CAb°

CA =
fET CAET"CAbET

CA = . CA

i fSRB CAsRB bsRB
(

) AbET = 597.56ft2)

, Abf = 142.6ft2

Abo = 314.10 ft 2

= 122.57ft2AboMS

t
(._:. 23

t



DATAREDUCTION(Concluded)

AbsRB= 201.07ft2! . = 14.75°
Ibo

Xbf = 1329.7in.

Xbo = 1263.0 in.

Zbo = 336.5 in.

Base pressure coefficients represented the average pressure on the

respective bases. Bodyflap pressure coefficients were as given by figure

20.

Right SRBforces and momentswere calculated as a m4rror image of left

SRBforces and momentsabout B = O:

Coefficienton1 /Coefficienton1

RightSRB = ILeft SRB

at +B \at -B

Forcesand momenton eachcomponent(Orbiter,ET, leftSRB, and I

rightSRB)were interpolatedversusthe respectiveangleof attackand

angleof sideslipof eachcomponentto nominalangles. These datawere

thenaddedto providetotal integratedvehicleforcesand moments.

] 976006098-029



TABLE I
il I i II I III I

DATE ." 8-23-74

, T TEST CONDITIONS

REYNOLDSNUMBER DYNAMICPRESSURESTAGNATIONTEMPERATURE
i MACHNUMBER (perfoot) (pounds/sq.inch) (de_eesFaMeeheit)

, w

1.55 2.50 x 106 3.189 120

2.00 2.50 x lob 3.189 120

2.20 2.50 x l06 3.750 126

2.50 2.50 x 106 3.472 120
-, • •. i m .i

i w. .q , , , ,

k _ I i ,,.

| •

Jl

i i .
i i J - .,

.. J .. ,.

I I I II I I

! BALANCEUTILIZED: Task Corp 2.5" MK XXA, 2.0" MKIIIC, 1.5" MKIIC

COEFFICIENT

" CA_f_TY: 2,0" 1.5" TOLERANCE:

NF r_nnni l_nn lnnn
SF - 3000 900 i 500

AF 600 500 100

PM

RM _ 4000 1nO(}_ ! .Rnn

YM .....

COMMENTS:

t

I I I II . • i i _

25 '
t

t
I

' 1976006098-030



1976006098-031



I.s,,. LL L,I.

W

_ _ _ 0

0

o

°_

Z U

u

_ X _ X X

_ X X X X

0_ _

27

i
I

]976006098-032



_ID X

X x x

e_l X

=:1

_-" 0 X X X X X X X 0
.=_ ,=--

: u c_
I

d d, d
"'1 "'1 .-,I

× × × ® ,_ ® ,; ® ;
I _ I r-- I _ I

=1 .=,1 =1
•"_ "o "o

_= I _ I _- I
U u U

I_1 x f,_ u _ II t._ II

" d d
"_1 _ 8 II II II

"_ _1 _ I I I eO. _ eQ.

U
U

0

0

0r- _D I X X X X X I

0

X X I X I X x

x I _ I X I X _ID X

,-- 0 X X I X I X X _ X X X
,=,I

U _
e_ X i X _ X l X =I 0 X X X x x
I-

.=,
U
¢/)

_. . x , . , . . ._ x . x
| I

_I I X _ X X X _ _I X

28

1976006098-033



TABLE TTT. - MODEL DIMENSIO_L'DATA

[lJ MODEL OOMPORERT: ATTACH STRUCTURE - AT28

GERERAL DESCRIPTION: Rear orbiter to ET attach structure (LH and RH). 2 Members.

MODEL SCALE: 0.030 .. MODEL IRAWING NO.:

)._WINGNO.: VL78-000063, -O00062B

DXMZ_IONS. _ FULL SCALE MO_L SCALE

#1 xo 1317,oo 39.51.....

Yo - 96.50(Ia) - 2.895

96.50(_) 2._9_ _

zo __o__ e.o25

20S8. O0. 61.7&O

i _ - 12%68 (la). 3.77O __

i 12s.68 (_)___z___
*

i zT _5._65
I

I _ % n_7.oo _32J!____

! l'o - 96.50 (LH)- 2.895L

_ 96.50 (1_) 2.895.

Zo 267.50 8.025

xT 1_2.oo 56.16o

YT _ -125.68 (LH) - 3.770

125.68_(Rff) 3.770

596.5 _ ._i__

Diameter, In. #i _ ii.5 O.365

15.5 o.4_5

'i

_ 29

-.. 6

" i

I i
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TABLE Ill. -MOIEL DIMENSIONAL DATA- Continued.
/

MODELCOMPONENT:A_I_Clt STRUCTURE- AT29

GENERAL DESCRIPTION: Right-hand umbilical fairing to ET cross member attach

structure (1 member).

MODEL SCALE: 0.030 MODEL _R_WING NO.:

DRAWING NO.: VL78-OOOO62Bt -Martin Marietta 82600207000

DIMENSIONS: FULL SCALE MODEL SCALE

Umbilical fairi_ attach point: Xo 1317.OO 39.510

Yo 66.316 i.989

Zo 2_7.182 7.&15

zT __LsL_.68_i 17.>1o

ET attach point: XT 20_8.00 61.v&O

YT - 12.00 - 0._60

z_ 5_8.25 _ _!7- o4p

xo 1_17.oo 39._1o

Yo - 12.oo - 0.36

zo 60.75 I.82!__

Attach structure alia.,in. _.5 0.135

3O

,_ ............. , I li , I I i '_
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i TABLE fIX. -MODEL DIMENSIONAL DATA- Continued.

_ MODEL COMPONENT: ATTACH STRUCTURE - AT30

_ GF/_AL DESCRIPTION" Forward SRB to ET attach structure (LH and RH).

MODEL SCALE: 0.030

DRAWING NO.: VL78-OOOO66, Martin Marietta 826OO20_3OO

DIMENSIONS: FULL SCALE ' MODEL SCALE

i Attach point XT 985.675 29.570

YT -172.50 (LH) - 5.175
172.5o (RH) 5.175

ZT O.O O.O

Xs h&2.675 13.280

vo 80.OO 2.&OO

Zs O.O O.O

Xo 2A&.675 7.3_O

Yo - 18/+. 5 (LH)--5.535
184.5 (RH) 5.535

Zo O.O O.0

3_
!

j
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TABLE III. - MODEL DIMENSIONAL D:_TA- Continued.

MODEL COMPONENT: ATTACH S_ - AT31

GENERAL DESCRIPTION: Rear ET to SRB attach structure (LH & RH), 3 member_.

MODEL SCALE: 0.030 MODEL BRAWING:

DRAWING NO.: VL78..0000_3, -000062B, -000066

DImeNSIONS: _ FULL SCALE MODEL SC.,.Tt

#I XT __2_ .
YT

ZT k57. O0 13._!0 .,,
Xs 1511.00 AS.33
Ys ___z/2.k_ ___I__
Zs 57,o0 _ _.71o

XT = 2058.00 61.7&
YT - 163.58 -___6___
ZT _ Ah9,81 _ 13.&94
Xs 1511.O0 _5•33
Ys _ 7_._6 2.297
z, lS.71

#3 XT ....20_8.O0 61.74
_T - 161.72 - 4.8_2
ZT 3.&3.O0 i0.R?

Xs , I_11.00 _5.33
Ys 53._4 _ !.597,
Zs - _7.00 - 1.710 ,,

Diameter of members, In. : #1

• #3

I

I
!
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TABLE"III.- MODEL DIMENSIONALDATA - Continued.

MODEL OOIIR)RERT:ATTACH STRUCTURE - AT32

GENERAL _IPT_ON: Forward erblter/ET attach structure (2 member structure)

MOD_L SCALE: O.030

E_A_NG NO.: VL78-OOOO62B_Martin Marietta 826002091_

DIMENSIORS: MD_BER FULL SCALE MDI_L SCALE

To o.o o.o

(M,tach pt on orb ZT_ 61_) _ Lk_ ML LWR _. __

x_ _ma_____oAam____

(Attach pt on tank) ZT _ 16,_..i_...___.

x° }88.15 n6_5

Yo o.o_ o.o

zo _m_ _m_
x_ n_.9 3_.o5 -

_ , ,.6.S9 - 1.39s

Diameter, In. _ 6.0 O.180

6.0 o.1_

33
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TABLE Ill.- MODEL DIMENSIONAL DATA- Continued.

MODEL COMPONENT : BODY- B_A

GENERAL DESCRIPTION: Confl_uratlon 1AOAIB orbiter fuselage

NOTE: B2_ is identical to B21:except underside of fuselage has been

refaired to accept Wll6.

MODEL SCALE: 0.030 ._ MODEL DRAWING NO.. SS-AOOIAT. Rel. ]2.

DRAWINGNUMBER' v=Tn-onmL_B; .wnnn_nn..-oon_n__ -oo(_n__ .-nora J,5,
-O001OA,..ooozo§ ....

DIMENSIONS: FULL SCALE MODEL SCALE

I Length (OML: Fwd Sta. Xo=235), In. 1293.3 38.799
E

Length (IML: Fwd Sta. Xo=238), In 12q0._ _8.7og

Max Width (@ Xo = 1528.3), In. _ 7.92Q

Max Depth(_ Xo = IL6&), In. 250.00 7,500

Fineness Ratio q, 2_4 O.264

,. Area - Ft.2

Max. Cross-Sectional _ O. 307 _

Planform

Wetted

Base ,,, _

34
I
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i TABLE III. - MODEL DIMENSIONALDATA- C0;.tinued.

r_ MODELCOMPONENT: CANOPY -- C9

; GENERALDESCRIPTION: Configuration 3A. Canop3, used wlth fuselage B20.

L

. I I ,.| , |

MODEL SCALE: 0. 030 MQDEL DWG NO, |, SS-AO0147_ , ,, , _

DRAWINGNUMBER" VL70-000143A

DIMENSIONS" FULL SCALE MODEL SCALE

Length {Xo =434. 643 to 578), In. 143,357 .. 4..301.

MoxWidth (Xo= 513. IZT), In. 157-.412 4.57Z.

Max Depth (At Xo = 485. ), In. 25. 000 0. 750
! lu.

FinenessRatio ....

Area I I In I

Max. Cross-Sectional ....

' Planform
i,,l|

Wetted ......

Base
Ulll

35

tJ_L

! i t II
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TABLE Ill. - MOD_I,DIMENSIONAL DATA - Continued. _
./

MODELCOMPONENT: F_vON - E:,

GENERALDESCRIPTION:6.0 In. F._ _aos machined into [_,,. elevon, Fla_.3Z_

doors, _enterbody pieces, and tlpseals are not simulated. (Data are for

one of two s%ges). i

MODEL SCAL_: O.O_O ..... i

DRAW_!NGNUMBE_: .,.Notavatl.ble

_IM[NSIONS; FULL-$CALE MODELSCALE

Area -- Ft2 210,.Q..

Span (equivalent),In. 3_9.2 lO.C76

Inb'dequivalentchord , In. ..118.0 ,. 3.5&

Outb'dequivalentchord,In. 5_19 ,

Ratiomovablesurfacechord/
totalsurfacechord

At Inb'aequiv, chord 0.2O?& 0.2096 _

.AtOutb'dequiv,chord o,209_ 0.2096

SweepBackAngles, degrees

LeadingEdge _ 0.00 .0.oo ,.

TrailingEdge _

Htngelt.e 0.00 o_'oo
(_oduet area __)of

Area Moment (INo_ll__'t' _

Mean Aerod_qlamicChord, In. 90.7 2.721

1976006098-041



i i
TABLEII_. - MODELDIMENSIONALDATA- Continued.

MODELCOMPONENT: RODTFLAP- FO

GENERALDESCRIPTION: Confi_ura%ion 140 A/B

MODEL SCALE: 0.0_0

DRAWINGNUMBER' _."rnn-.q(',m/,nn.-000200

!

DIMENSIONS: FULLSCALE MODELSCALE

Length (Chord), In.. 8A.? 2.5/+1

MaxWidth , In. 262.308 7.869

MaxDepth , In. 23.00 0.690u i

Finer.e_mRatio

Area - F%2
I I

Max.Cross-Sectional _.

Planform ,__ i_2.60 0.128

Wetted
|11

Base t,l.90 O.o3v'7

1976006098-042
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TABLE Ill. - MODEL DIMENSIONAL DATA - Continued. i

MODEL COV/_ON_qT: FEEDI/NE - FLIo

GENERAL DESCRIPTION: LH2 feedline or upper left-hand side of T28.

MODEL SCALE: 0.030

DRAWING NO. : VL78-OOOO63, -O00062B

DIMENqiONS: FULL SCALE MODEL SCALE

Leading edge at: XT 2071.5 62.IA5

YT - 70.3 - 2.100

" ZT 573.93& 17.218
{
i Trailing edge at,: XT 2081,80 62.&5A

i YT - 70.00 - 2.10

Ii ......
r,_ ZT 58&.O59 17.522
!

£ Diameter of line (17.0 I.D.) 18.160 0.5_5

il
i
i

il
!,

i:

il.....
f_ 3B

0
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• TABLE III. - MODELDIMENSIONALDATA- Continued.

MODEL COMPONENT: FEEDLINE - FL II

GENERAL DESCRIPTION: LO 2 feedlineon upper right-hand of T28.

MODEL SCALE: O.030

DRAWING NO.: VL7B-O.O0063, VL78-OOOO6_B

DIMENSIONS:

FULL SCALE MODEL SCALE

, Leading edge at: XT 1000.667 30.02

YT ?0. O0 2. I0

ZT 150.519 4.516

Trailing edge at: XT 2071.5 62. 145

YT 70.O0 Z. IO0

ZT 573.934 17,z18

Line diameter (17.0 I.D. ) (0, D. } 18.16 0.545

C.....> 39
_a
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TABLE Ill. -MODEL DIMENSIONAL DATA- Continued..

MODEL COMPONENT: FAIRING - PRIO

GENERAL DESCRIPTION: Umbilical door fairing between aft ET/orbiter

!i attach structure.

i MODEL SCALE: O.OSO

DRAWING NO. : VLTe-OOOO6S, -OO0062B, Martin Narietta 826002070OO

DIMENSIONS: FULL SCALE MODEL SCALE

Leading edge at 2052.0 _1.7_

Length 193.0 5.79

Width '_ 15.O O.&5

40 _
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I } TABLE Ill. -uODEL DIMENSIONAL DATA- Continued;_ ,
t "

MODEL COMPONENT: j/)MS POD- M!6 ,

i

I GENERAL DESCRIPTION** ConfiR_ration. l&0C orbiter OMSmind - _hnrt .rid_

i L:.• ii i i ii

I i ii . I

i MODEL SCALE,: O.030..,

DRAWlNG NUMBER .W_70-008_.01,-O0_] 0

DIMENSION: FULL SCALE MODEL SCALE
|

Le.gth (0M3 M St.a.Xo=1310.5), In. 25E_._0 7.755

Mcu,c Wid_ (@ Xo = 1511), In. 136.8 4..lO&

Max Dep:h (@ Xo = 1511), In. 7g.70 2,.241

Fineness Ratio 2.&8_ 2. g81t

Area - I.;'2

Max Cross-Sectional 58.8_6/+ 00_Q,_._5./___

PlanFo_

Wetted

Base

r_ 41
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TABLE III. -MODEL DIMENSIONAL _:T$- Continued.

,MODELCOMPONENT: oM._ _InZZIF.S . _28 _

GF/fERAL DESCRIPTION: Confi_iJra,ion.I%OA 'B orbi.ter OMS N,zzles

MODEL SCALE: O.0_('

DR_',I_INGND_4_R: VL70-OO_lI,OA.... (I_+_._ SS-AO0106. _,el.'_ 5 (Contour)

DI_NSIONS: FULL SC_/_E MODEL SCALE

_ICH NO.

Length - In.
Oimbal Point to Exit Plane

Throat to Exit Plane

Diameter- In.
Exlt

Throat

Inlet

Area - ft2
Exit

Throat

Gimbal Point (Station) In.

Left t_ Nozzle

Xo 151_.oo _4_._&
Yo - 88.0 --2.64 __
Z o /+92. O0 14.76

Pight _ Nozzle

xo l_lP.OO _5.154
Yo 88.0 2.6/,,

Zo _ _/iD_!___

Null Position - De_.

Left. _ Nozzle

Pitch ]_oA9, _____

Yav 12o17, 12o17,

Right _ Nozzle

Htch 15°&9, 15°&9,

Yav " _i2olZ,__ _2017 , _

. ,8
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T
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, TABLE I I I. - MODELDIMENSIONALDATA - Continued.

MODEL COM/_ONENT: BSRM NOZZLE - N86

GENERAL DESCRIPTION: Booster solid rocket motor nozzles.

MODEL SCALE: O.030

DPAWING NO.: VL70-OOOO66

DIM_SIONS: FULL SCALE MODEL SCALE

Diameter, Dex - In. (l.n.) i_.29 4.3287

Diameter, Dex - In. (O.D.) 146.79 4.4037

_iameter, DT - IN.

Diameter, Din - In.

Area - Ft2

Max. Cross-sectional (I.D.) 113.553 O.102

Oimbal Origin:

Left Nozzle

Xo 19o2.6 57.078
Yo --25o.5o- 7.515
Zo &OO.O 12.OO

Right Nozzle

Xo 1902.6 57.078
Yo 250.50 7.515

I Z° 400.O 12.OO./

Null Position: (Deg.)

Left nozzle gimbal + 8 +_ 8

Right nozzle gimbal +_8 + %

43
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TABLE III. - MODEL DIMenSIONAL DATA - Continued. I

O'_NT: ET PROTUBEFAhTCE- PTI2

• zJ,L DESCRIPTION: LightninE rod attached to ET nose.

MODEL SCALE:• O.030

DIMENSIONS: FULL SCALE MODEL SCALE

Length 30.90 O.927

Diameter - In. 3.20 0.096

1976006098-049



TABLE Ill. - MODEL DIMENSIONAL DATA - Continued.
t

' MODEL COMPONENT: ELECTriCAL LINE - P'_'2_ , .

GENERAL DESCRIPTION: Left-hand electrical conduit line on T?_.

g j _ '

MODEL SCALE: 0.050. ±

DRAWING NUMBER . VI,78-000063, -000062B

DIMENSION" FULL SCALE MODEL SCALE

Leading edge at: XT lOS&.33_ 32.530

YT - 99.591 -- 2.988

ZT -139.620 .-_.189
_rallln_ ed,.eeat: XT _ns_ nnn 61.7&O

YT - 99.591 - 2.988

- 139.620 - _.189
ZT

Conduit _ize: _ 0_0_ x n_IA

Centerline of' line located radially at _ = 35.5 d._.

45
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. )

MODEL COM?ONENT: LO2 RECIRCUIATION I,IN_ - FT23

GENERAL DESCRIPTION: LO2 recirculatlon line on right-hand upper side

side of T28.

MODEL SCALE: 0.030

DRAWING NO. : VL78-O00063, -(XXX)62B, Martin Marietta 82600207000

DIMENSIONS: FULL SCALE MODEL SCALE

Leading edge at: XT iOAO. 667 31.220

YT 9_.169 2.825

ZT 5&0.93)_ 16.228

Trailing _dge at: XT 2062.920 61.888

YT 7o.ooo 2.lOO

573.93& 17.218

Diameter of line &.O O.120i

Centerline of line located radially at _ = 33°_5 '

(Right of TDC looking forward)

46
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TABLE IIZ. - MODEL DIMENSIONAL DATA- Continued.

MODEL COMPCNENT: LH2 RECIRCULATION LINE - PT2A

GENERAL DESCRIPTION: LH2 recirculation line on T28.

MODEL SCALE: 0.030

DRAWING NO. : VL78-000063, -O00062B, Martin Marietta e2600207000

DIMENSIONS: FULL 3CALE MODEL SCALE

Leading edge at: XT IOAO.667 31.220

YT - 9A.169 - 2.825

ZT 560.93& 16.228

Trailing edge at: XT 2062.920 61.888

YT - 70.oo -2.100

ZT 573.93& 17.218

Diame%er of line &.00 O.120

CentePline of line located radially at _ = 33°_5'
(Left of TDC looking forward)

47

!LJ

1976006098-052



TABLE Ill. -MODEL DIMENSIONAL DATA - Continued. _ :

MODEL COMPONENT: ELECTRICAL LINE - PTz5

GENERAL DESCRIPTION: Ri_ht-hand aft electricalconduit lineon T28 with

LH 2 prcssur_ @_nsor line and LOX vent y_lv¢ act_atQr line,

MODEL SCALE: O.030

DRAWING NO.: VL78-000063, -O0006ZB, Martin Marietta 82600207000

DIMENSIONS:
FULL SCALE MODEL SCALE

Leading edge at: XT ]084. 333 32. 530

YT 99.59 1 2.988

ZT 139. 620 4. 189

]'railingedge at: XT Z058.000 61,74

YT _ 99.591 Z.988

ZT 139. 620 4. 189

Line diameter Z.0 x 6.0 O.06 x O. 18

" Centerline of line located radially at 0= 35.5°

?

£

i
48

_ ,

i

|

1976006098-053



TABLE Ill. - MODEL DIMENSIONAL DATA- Continued.

MODEL COMPONENT: LO2 PRESSURE LINE - PT26

GENERAL DESCRIPTION: LO2 pressure line on T28.

MODEL SCALE: 0.030

DP_WING NO.: VL78-OOOO63, -OO0062B, Martin Marietta 82600207000

DIMm_qSIONS: FULL SCALE MODEL SCALE

Leading edge at: XT 360.733 iO.822

YT 15.l_5 o._5_

zT _07.718 12.232

TrFiling edge at: XT 2083.5 62.505

i YT 63.25 I.898 i

_ ZT 609.00 18.27 !

C._nterlineof line located radially at _ = 27°

Line diameter 2.0 0.060

49
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_ABLE III. - MODELDImeNSIONALDATA- Continued.

MODELC(_P.ONENT: ELECTRICALlINE - PT27

C_EP_L DESCRIPTION: Electrical conduit on the right-hand forward

section of T28.

MODEL SCALE: 0.030

DRAWI_] NO.: VL?B-OOOO62B

DIM_IN_;IONS: FULL SCALE MODEl,SCAL6_

Leading adge at: XT 360.733 IO.822

YT ii.5_9 O.3&6

ZT A12. _?& 12.37&

Trailing edge at: XT 8?6.273 2_ 288

YT 226.ZlA 6.7_3

ZT 6&6.?T& 19._03

Centerline of conduit located radially at _ = A7.5_

5O
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TABLE III. - MODEL DIMENSIONAL DATA- Conttrued.

ii :
°_

MODELCO,'.]PONENT: .RUDDER r..R5 ,, "

. GENERALDESCRIPTION: Configuration iLOC orbiter r_,dder (Identical. to

.confi___-atio_nI_OA/B rudder), . ,_

i

MODEL SCAT.F,._ 0.0_0

, DRAWINGNUMBEI_: VLTO-4:)OC)I/_/_B.--00(0)05

DIMENSIONS: FULL-SCALE MODELSCALE

Area - Ft2 10q.1_ o.oio

Span (equivalent),In. 201.0 6.0_),

Inb'd equivalent chord, In. 91.585 2.7/+8

il
Outb'd equivalent chord, In. _ 1.525

Ratic"_ovablesurfacechord/ :"4

to,_lsurfacechord . ,

At Inb'd equiv, chord °,.4_ , °-40° :t

At Outb'd equiv, chord 0.400 0,400

SweepBack-Angles, degrees

Leading Edge _ "_/,-_'_ ..

TrailingEdge _&.2_ _

Hlngeline _ }/,.83 _/;_
(_roductarea&c)..o£

Area Moment(_),Pt, 3 610.92 ,

Mean Aerodynamic Chord, In. 73.2 2.196

( ':' 51
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TABLE IYl. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: BOOSTER SOLID ROCKET MOTOR - 32_ j_ii i] ,i _-

GENERAL DESCRIPTION:
ii I

el _J_" J

I I I II

MODEL SCALE: 0.030 .

DRAWING NUMgER VL72-C_. 1/_3D, VL77-(XX)066

DIMENSION: FULL SCALE MODEL SCALE

Length(Includesnozzle), In. 1789._O 53.682

Tank Diameter, In. i_6.00 A.38

Aft shroud Dia., In. 192.00 5.76

Finene. btlo . 9.3198 9.3198

Area - Ft 2

Max Cross-Sectional 201.062 O.1809

Planform

Wetted

Bose

WP of BSEM centerline (ZT) _00.0 1.200

FS of BSRM ,nose(XT) 7/+3.0 22.29

BP of BSRM centerline (T?) 250.5 7.515

1976006098-057
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I/ TABLE III. - MODEL DIMENSIONAL DATA- Continued.

MODEL COMPONENTz _ _TI_NAL TANK- T,,_,i,,,Ij

GENERAL DESCRIPTION"
| i

NOTE; (Dimen@_ons a_'e*n tnn_ ,+.r,,r_+.,,-=l Om._ _P_q""t 4nr1,,_-d)

MODEL SCALE. O.O_O , _ :

DRAWING NUMBER VL72-OOOIIqD: vr._,78-00006,3

I DIMENSION: FULL SCALE MODEL SCALE

I Length , In. _ ___p_
Z - - -

Max _ Dia., In. _)I.00 9,9_

Max Depth

Fineness Ratio 5.687 _.687

Area - Ft 2

Mv.x Cross-Sectional _94.678 0.0_3

Planform

Wetted

' Base

1976006098-058



TABLE III. - MODEL DIMENSION;'J_DATA - Continued.

MODEL COMPONER_: VERTICAL - V 8 :.I

GE_ DESCRI_ON: ConfiKuration I&OC orbiter verti_ t-._'_..( _denti<al

to cgnfimlration ILiA _ v_T.+.._._! t=i!_) _

MODEL SCALE: O-030

DRAWING ND_: VLTO-OOOI&OC; -OOOI_B

DIMENSIONS: FULL SCALE MODEL SC;LE

_DTAL _TA

Area ('Iheo) - Ft 2

Planfonn _ O.372
Span (Theo) In. 315.72 9.;.72

Aspect Ratio _ ____

Rate of Taper 0.507 0.507 _

Taper Ratio ____Q__ Q.&O& ....
Sweep-Back Angles, Degrees.

Leading Edge &5.000 &5.000

Trailing Edge 26.25 26.25

0.25 Element Line _

Chords:

Root (Theo), :_P 268.50 8.055
Tip (Theo) _ i08.&7 3.25&

MAC _ 5.992.
Fus.sta.of ,25MAc i_
w.P.of .25MAC _
B.L. of .25 MAC O.OQ 0.00

Airfoil Section

Leading Wedge :_ngle - DeE. _ I0.00 .

Trailin6 Wedge Angle - Deg. I&.92 ____
Iaad_ng Edge Radius 2_00 0.060

Void Area ___ • _____

Blankete_ Area 0.0 o.o

197600609S-OF,.q



TABLE 111. - :XT!EL DIY?W'TOKAI, PATA - Concluded. 

?!.FENS IONS : 

VTAL DATA 
Area-ieo. 1 Ft2  

?Ianform- 
Span (T'rleo In. 
Aspec: Qatio 
?ate of Taper 
Taper 9 a t j o  
Dihedral AnGle, degrees 
1nc;dence Ansle ,  degrees. 
Aemdynmic Twi s t  , degrees 
Sweep Sack Ang?es, degrees 

Leading Edge 
Trai 1 ing Edge 
0.25 Element Line 

Root (Theo) B.P.O,O, 

Fus. Sta.  o f  .25 MAC 
W.P. o f  .25 MAC 
B.L. of .2S MAC 

chords: 

* MAC 
Tio,  (Theo) B,P .  

2 EXPOSED OAT4 
Area (Tneo) F t  
Span, (Theo) In. BPI08 
Aspect Rat io  
Taper Ratio 
chords 

R o o t  BP108 
T f p  1.00 5 

T 
MAC 
Fus. Sta.  o f  .25 MAC 
W . 3 .  o f  .25 MAC 
B.L. o f  .25 YAC 

Afrfoil Section (Rockwell Mod NASA) 

2.L31 

2-2/75 
1.. 177 

3Q. 10 

0.200 n. m n  

h a9 .?'r 2r). 477 
137.85 * 
290.5R 
182.13 

1751 .50 
720.hF 

2.059 
0.2b5 

562.09 
13?. $5 
192. P3 

llC5.98 
234.30 
351.77 

- -  
.5. Shb 

1.576 
21. h?C 

2.059 
0.21r5 

xxxx-64 
Root b = .  0.113 .o. 11 7 

T l p  b = 0.130 0.1?0 
T 
r 

Cead'ng Edge Cuff 
0.w3 
15.00 

L e d i n s  E4gc Intersects ' 4qc  B Sta 102'(.00 30.72 

c' Data for (1) of (2) Sides 

plarlfc-m Area Ct Z m E  
Loading E d y  In%rc,ects cus M. L. @ Sta 500.0 

55 
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TABLE IV. 

ORBITER WING PRESSURE TAP NUMBERS 
ORe\iE& E F T  W t u G  ?RESSURE TflP PJL'M~ERS 
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NOTE:
VIEW LOOKING AFT

1
l
I
f,/

0 o

FUS STA 235 I-'US STt :45 FUS STA 265 FUS STA Z95

31

zo ---3313
z. z---- io--o

7 0 9 339.867 Zo= 3_9. 500

, 2-

' 22 19\3 h4\
FU_ S'rA _Zr, I.US ._'J'A 380 IZ FUS STA 450

I-'US STA 440

4 I 55 54 6c_6_

355.o67, (.._.--.. 39
iv__.1_.._65 Z° -.

._ 4_/___.v, 37 . 7"/ i \ _z 63

\_'tNDSIIII?;J.D 74 85 WIND" FUS STA 625 ,J SHIELD ')6

137 I z .i

z - , / \z =3_8._3y "_ .3_.83:: -l "-4--ao 1 .. i-9_ Zo, 4oo _o_

98
75 89

¢

f. OrbiterForwardFuselagePressureTap Locations

Figure2. - Continued.

69

1976006098-074



FUS STA FUS STA FUS STA 980 FJS STA i080

I13 123 ,135
114 122 13(

.lIz .121. _1,_3

I15 I07 I08 124 116 117 127 125 I_-g 136 iZ_ I29

FUS STA I180 FUS STA 1245 FUS STA 1300 FUS STA 1375

154

, \15352 174

i _\ _I !! 163 |173

,. _.4_42 164 162 _2

. :," 141 \\ \ _:_--"f_---/170

._4039 ____58, I_.._,159 _\ +1_9 8
144 13"/ 134i 155145 146 165 156 157 175 166 f67

FUS STA 1430 FUS STA 1480 BODY FLAP

FUS STA 1830

183 194 193

!: 1_4 }82 .._.... _ ..192

"_ " '189 196_198 Zo 400

L78 88 _ 200 _.0!__.--UPPER
. ,:. _ zo_z'o3 LOWER

18

l| 176 77 195 186 187 20,{ ZQ5 UI_PER_" - - ------ - LOWER
206 20"/

FUS STA 590

g. 0rbiter Aft Fuselage Pressure Tap Locations

Figure 2. - Continued.

70 .l.

1976006098-075



1976006098-076



1976006098-077



1976006098-078



1976006098-079



1976006098-080



1976006098-081



1976006098-082



o "I. _. _. _.
' 0 0 0 0

aTq. I t I I ,

d)

7-_

1976006098-083



OP[(;INAL PAGE IS
(}[,' PriOR qUALITY

t-

$-

0

0

0r,,-
,---

"1_ 0

u')
I

"; ,,4

--,i

or-

79

i
_. i .............. J ,,, ] , , J ...... i , "J

1976006098-084



[

1976006098-085



DATA FIGURE.(;

VOLUMEI Pages 1-808 (Force)
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